Introduction {#sec1-1}
============

Human papillomavirus (HPV) associated head and neck squamous cell cancers (HNSCC) have generated significant research interest in recent times. With the changing paradigm of risk factors in the West,\[[@ref1]\] there has been a frenzy of research in the past decade.

This article is an attempt to present the work done in India, and establish the current status of the role of HPV in HNSCC in India. Furthermore, the issues relevant to the Indian practice are highlighted with particular emphasis on its prevalence, interaction with tobacco and standardization of detection methods. This will hopefully be a practical guide for the oncologist and serve as a benchmark for the future work in India.

Methods {#sec1-2}
=======

In September 2016, the ICON: Indian Cooperative Oncology Network held its 35^th^ conference in Mumbai, India, wherein it invited a panel of radiation, surgical and medical oncologists, pathologists, and basic scientists from across the country having experience in clinical research with respect to HPV in HNSCC to identify its current status and role in India. Four weeks before the meeting subtopics were decided to be debated on. These subtopics were distributed among the participants for reviewing the available literature. A draft was then made comprising the important points needed to be highlighted at the meeting.

After detailed discussion on these topics at the meeting and follow-up of resolutions and queries/issues, all the ideas and facts were collated in this report to provide an insight to the practicing oncologists in the country regarding the current status of HPV in HNSCC in India. While data from the West has been cited at places, an attempt has been made to base this report on the work done in India in the Indian context.

Discussion {#sec1-3}
==========

Tobacco burden and head and neck squamous cell cancers {#sec2-1}
------------------------------------------------------

Tobacco and alcohol consumption are well-established primary risk factors for HNSCC worldwide. The risk of HNSCC in a smoker is up to 10 times as compared to a never smoker depending on the duration and quantity of smoking.\[[@ref2]\] In India, 60% of tobacco users use smokeless tobacco, which increases the relative risk of oral cancers to as high as 15.0 as compared to never users.\[[@ref3]\] In the Global Adult Tobacco Survey conducted in 2009--2010, 34.6% of the Indian adult population used tobacco. Of these, 25.1% were only smokers, 59.5% were only smokeless tobacco users, and the remaining 15.4% were both smokers and smokeless tobacco users.\[[@ref4]\]

A decrease in the incidence of HNSCC has been noted in the West paralleling the decrease in smoking;\[[@ref5]\] however, there has been an unusual increase in the incidence of oropharyngeal cancers from 16.3% during the 1980s to 72.7% during the 2000s in the USA,\[[@ref1]\] and other developed countries.\[[@ref6]\] This led to the exploration of alternate causes of carcinogenesis in these cases. Many epidemiological and laboratory studies have attributed HPV infection of the oral cavity and oropharynx in the causation of cancer of the upper aerodigestive tract, especially the oropharynx.

In India and other developing nations, consumption of tobacco has been relatively stable over the years. Most studies from India report a history of tobacco use in nearly 80% patients\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] Mishra *et al*. reported the prevalence of cigarette and bidi smoking in India to have decreased by about 5% among males from 1998 to 2015. However, this modest decrease in tobacco consumption has been offset by the rising population, increasing the absolute numbers of smokers between the age groups of 15--69 years from 79 million in 1998 to 108 million in 2015.\[[@ref13]\] A report analyzing the Mumbai Cancer Registry found that the rates of oral cancer have been steadily rising over 15 years, from 1995 to 2009, at the rate of 2.7% annually.\[[@ref14]\] A study from South India reported the overall incidence of HNSCC to have been decreasing over 10 years from 1986 to 98, however, a trend toward rising incidence of oral tongue cancers was noted.\[[@ref15]\]

### Human papillomavirus in the Indian community and high-risk sexual behavior {#sec3-1}

There is sparse Indian literature describing HPV infection of the oral cavity in the general population and the two existing studies are highly discordant. In one, the saliva rinse of 396 normal individuals from various parts of North Karnataka was collected and polymerase chain reaction (PCR) based high-risk (HR) HPV genotyping was carried out. It reported 2.75% were positive for HPV16 and 22% positive for HPV18.\[[@ref16]\] In another study, oral mucosal smears were prepared from 60 healthy individuals and PCR-based HR-HPV genotyping was carried out. It reported 65% of individuals to be positive for HPV16/18.\[[@ref17]\] Western literature reports a low prevalence of HPV infection (\<10%) in normal oral mucosa\[[@ref18][@ref19][@ref20][@ref21][@ref22]\] There is not enough evidence to clearly establish the role of latent HPV infection of the oral cavity in normal individuals in the development of cancer. Western literature indicated an association between HR sexual behavior (oral sex and number of sexual partners) and HNSCC.\[[@ref23]\] Indian data are sparse in this respect as eliciting detailed sexual history is usually uncomfortable for the patients as well as the clinicians. Bahl *et al*. reported HR sexual behavior in 58% of patients with oropharyngeal carcinoma who tested positive for HPV DNA, which was significantly higher than the HPV DNA negative cohort.\[[@ref11]\]

Interaction of tobacco and human papillomavirus {#sec2-2}
-----------------------------------------------

Indian data show discordant results for the interaction between tobacco and HPV correlation. Bahl *et al*. showed that in the North Indian population with oropharyngeal cancer, the incidence of HPV positivity did not significantly correlate with tobacco or alcohol consumption.\[[@ref11]\] On the other hand, a recent study conducted in Northeast India showed significant association between HR-HPV DNA positivity and tobacco chewing and alcohol consumption among patients with HNSCC, however, no significant association was shown with tobacco smoking.\[[@ref10]\] The lack of clarity in the Indian studies regarding the association may be due to (a) very small proportion of nontobacco users compared to users in HNSCC and (b) low incidence of HPV positivity (see below) in HNSCC.

### Prevalence of human papillomavirus-related head and neck squamous cell cancers in India {#sec3-2}

Oral cavity

HPV prevalence in squamous cell carcinomas (SCC) of the oral cavity in India has been reported to be 33.6% in the Eastern region,\[[@ref24]\] 48% in South India,\[[@ref25]\] 15% in West India,\[[@ref26]\] 27.5% in Central India,\[[@ref27]\] and 28% in Northeast India.\[[@ref10]\] Koppikar *et al*. detected HR-HPV subtypes in only 6% of patients with oral SCC.\[[@ref28]\] This shows a great discrepancy in the HPV positivity rates among patients with Oral SCC, probably attributable to the different techniques of HPV detection and reporting. A majority of HPV-positive oral SCC in these studies were oral tongue cancers. A couple of studies from South India have shown the incidence of HPV positivity in oral tongue cancers being as high as 51.2%\[[@ref29]\] and 48%.\[[@ref25]\]

In the developed nations, the incidence of HPV positivity in oral SCC is also reported to be highly variable ranging from as low as 10% to as high as 80%.\[[@ref30]\]

The clinical significance of the presence of HPV in oral cancers is currently unknown.

Oropharynx

There is substantial Western literature on the prevalence of HPV in oropharyngeal SCC reported to be between 28% to 68%.\[[@ref31][@ref32][@ref33][@ref34]\] A recent systematic review and meta-analysis showed a prevalence of 47.7% HPV-positive oropharyngeal cancers.\[[@ref35]\] Ironically, while the prognostic impact of HPV positivity is clearly proven in oropharyngeal cancer, the Indian data are sparse. Bahl *et al*. reported 22.8% HPV positivity in 105 oropharyngeal cancer patients.\[[@ref11]\] A similar incidence of 20% was reported by Murthy *et al*.\[[@ref12]\] and 15% by Sannigrahi *et al*. in patients with oropharyngeal cancer.\[[@ref9]\]

Larynx and hypopharynx

Due to the lack of prognostic impact, the prevalence of HPV has not been extensively studied in laryngeal and hypopharyngeal cancers. The reported prevalence of HPV in laryngeal cancer and hypopharyngeal cancer varies widely ranging from 3% to 85%\[[@ref36][@ref37][@ref38]\] and 4.8% to 34%,\[[@ref39][@ref40]\] respectively. However, the meta-analysis by Mehanna *et al*., the HPV prevalence in nonoropharyngeal sites was 21.8% with a declining trend with time.\[[@ref35]\] Indian data show a prevalence of HPV-related laryngeal and hypopharyngeal cancers ranging from 5% to 20%\[[@ref9][@ref10][@ref12]\]

Human papillomavirus virology and methods of detection {#sec2-3}
------------------------------------------------------

HPV is a nonenveloped, double-stranded DNA virus belonging to Papillomaviridaefamily which infects the epithelial cells of mucosa and skin. Nearly 120 types of HPV have been completely sequenced which are broadly divided into "low-risk" and "HR" types, based on their oncogenic potential. The viral DNA contains "early" genes encoding 6 proteins, namely, E1, E2, E4-E7, and "late" genes encoding 2 proteins, namely, L1 and L2. E6 and E7 are mainly responsible for the oncogenic activity of the virus. E6 degrades p53, thereby limiting its activity of suppressing the cell cycle progression and inducing apoptosis. E7 destabilizes Rb protein thereby activating the cyclin-dependent kinases at G1-S phase checkpoint of the cell cycle, thus promoting cellular proliferation. As a feedback mechanism, there occurs an increase in p16 expression, in an attempt to curb the cell cycle progression. Disruption of these major regulatory pathways ultimately leads to cellular transformation and immortalization.

### Methods of detection of human papillomavirus {#sec3-3}

As HPV-related HNSCC have a significantly different clinical behavior and prognosis (as discussed later), it is critical that these tumors be identified in an accurate and cost effective manner. A number of methods are used in the diagnosis of HPV-associated HNSCC. The information about different methodologies, their principles, advantages, and disadvantages is essential to understand and choose the most appropriate method for the diagnosis of HPV-related HNSCC \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of various human papillomavirus testing methods

![](SAJC-6-93-g001)

Although oropharyngeal SCC with a high viral load has been reported to have a favorable clinical outcome,\[[@ref41]\] there is no clear threshold for clinically significant HPV viral loadPunctate signals are suggestive of integrated state and diffuse signals suggest episomal state of the viral DNA\[[@ref42]\]Minimum 10 copies of virus per cell must be present to detect HPV by *in situ* hybridization (ISH)\[[@ref43]\]HPV-related cancers are generally characterized by overexpression of p16. Thus, p16 overexpression is widely recommended as a surrogate marker of HPV.\[[@ref44][@ref45]\]

Immunohistochemistry for p16 {#sec2-4}
----------------------------

There are several technical and practical questions which are still unaddressed and it is therefore important for the clinicians and pathologists to consider the following, before the intended use of immunohistochemistry (IHC) for p16 in patients with HNSCC as a routine test.

### Choice of p16 antibody used for immunohistochemistry staining {#sec3-4}

Several p16 antibodies are available commercially, but their performance is yet to be compared.\[[@ref46]\] E6H4™ clone of p16 antibody used as a component of CINtec p16 Histology Kit (Roche) is the most widely used clone and it has been validated in several studies. Therefore, its use in p16 IHC is strongly recommended, due to excellent interobserver concordance.\[[@ref47][@ref48]\]

### Need for a clear scoring system for p16 immunohistochemistry staining {#sec3-5}

Various studies have chosen different cutoff values for a positive p16 staining pattern, widely ranging from \>1% to \>70%\[[@ref49][@ref50][@ref51][@ref52][@ref53][@ref54]\]

A recent systematic review by Grønhøj Larsen *et al*.\[[@ref55]\] concluded that reliability of p16 staining to predict HPV is much better when cutoff for staining is set at \>70% of diffused cytoplasmic and nuclear staining. Chen *et al*.\[[@ref56]\] demonstrated that cytoplasmic staining \<30% of positively stained tumor cells were HPV negative whereas diffuse nuclear and cytoplasmic staining in the range 50%--90% were HPV positive.

The American Society for Clinical Pathology and College of American Pathologists are of the opinion that diffuse cytoplasmic and nuclear staining in \>70% tumor cells must be a criteria for p16 staining to be regarded as positive.\[[@ref57]\]

Thus, it may be most appropriate to set the cutoff to be at least \>50% (preferably ≥70%) diffuse nuclear and cytoplasmic staining labeling as p16 positive \[[Figure 1](#F1){ref-type="fig"}\].

![p16 IHC showing \>70% staining](SAJC-6-93-g002){#F1}

### Is p16 staining alone sufficient for high-risk human papillomavirus infection? {#sec3-6}

None of the methods described can be labeled as an ideal test for HPV, offering optimal sensitivity, specificity, and cost effectiveness. It has therefore been suggested to combine different HPV tests (particularly p16 IHC and PCR) to minimize their individual limitation and yet optimally utilize their combined strength.

Thavaraj *et al*.\[[@ref58]\] proposed use of p16 as a triage test, followed by DNA ISH. The discrepant cases p16(+)/ISH(−) were subjected to PCR assay. Using this approach, the authors could classify 98% of cases as either HPV (+) or HPV (−) and discrepant cases reduced to a minor subset of 2%.

Although the accuracy of the result increases steeply on combining multiple tests, performing multiple steps to achieve the results is cumbersome and drastically increases the test cost, limiting its practical use. This may, however, be the best approach in treatment de-escalation trials.

### Is there other underlying mechanism in discordant cases? {#sec3-7}

Several studies have reported discordance between HPV DNA and p16 tests. A wide range of cases with HPV-positive oropharyngeal squamous cell carcinoma (OPSCC) that is p16 negative has been reported.\[[@ref9][@ref8][@ref12][@ref58][@ref59][@ref60][@ref61]\] It has been postulated that the absence p16 overexpression may be a result of epigenetic mechanism, namely, p16 methylation, driven by prolonged tobacco exposure.\[[@ref62]\] The significant discordance in the p16 and PCR positivity, particularly in India, with a high tobacco burden, may be attributed to p16 hypermethylation.

### Clinicopathological features of human papillomavirus-related head and neck squamous cell cancers {#sec3-8}

HPV-related HNSCC, usually in the oropharynx, presents with an early stage primary tumor and an advanced stage nodal disease (N2/N3).\[[@ref63]\] Association of smoking and HPV-related HNSCC is not clear as discussed previously. HR sexual behavior is considered a potential risk factor for HPV infection.\[[@ref64]\] Murthy *et al*.\[[@ref12]\] showed a relatively higher incidence of HPV-related HNSCC in females. Prototypic HNSCC are generally moderately differentiated, whereas HPV-induced SCC are predominantly nonkeratinizing SCC and may be often described as poorly differentiated SCC or basaloid carcinomas exhibiting lobular growth of cells with hyperchromatic nuclei, scanty cytoplasm, and mitotic figures.\[[@ref65][@ref66][@ref67]\]

### Prognosis and survival in human papillomavirus-related head and neck squamous cell cancers {#sec3-9}

A review and meta-analysis of multiple retrospective series showed that HPV-related HNSCC have a significantly better overall survival (OS) and disease-free survival (DFS).\[[@ref68]\] A site-specific analysis revealed that for nonoropharyngeal HNSCC OS and DFS were similar for both HPV-positive and HPV-negative patients.\[[@ref68]\] Another report from a prospective clinical trial showed similar benefit in survival for HPV-positive HNSCC.\[[@ref69]\] Tobacco use increases the risk of death by 1% with each additional pack year irrespective of HPV positivity\[[@ref70]\] thus negating any survival benefit gained with the presence of active HPV infection. The prognostic implications of HPV have led to the proposal of a new staging system for HPV-positive oropharyngeal SCC by the International Collaboration for Oropharyngeal cancer Network for Staging which has been recommended for incorporation into the 8^th^ edition of the AJCC.\[[@ref63]\] From India, Elango *et al*. have compared the outcomes of patients with HPV-positive and negative oral tongue SCC. They found no significant difference in OS between the two groups, however, a significantly lower rate of disease recurrence at 2 years was seen in the HPV-positive group (7% vs. 32%; *P* = 0.014).\[[@ref25]\] Murthy *et al*. have reported the 5y OS to be nonsignificant between HPV-positive and HPV-negative oropharyngeal carcinomas (56% vs. 54%).\[[@ref12]\] They attributed tobacco use in the reduction of the OS benefit gained with HPV positivity and showed a large and clinically significant improvement in OS and cancer-specific survival among p16+ve tobacco nonusers.

### Treatment de-escalation strategies in human papillomavirus-related head and neck squamous cell cancers {#sec3-10}

Considering the better outcomes seen with HPV-positive OPSCC, an attempt is being made to reduce the toxicity of treatment without affecting the disease outcomes. Various strategies are being tried under Phase 2 or 3 clinical trial settings to achieve this objective, including change of concurrent chemotherapy or use of biological therapy or reduction in RT doses/volumes after response to induction chemotherapy or addition of surgery as the primary treatment modality. With the advent of robotic technology, use of transoral robotic surgery is also evolving. It must be emphasized that all these strategies are currently under investigation and must not be practiced routinely outside a clinical trial.

### Panel recommendations and guidance {#sec3-11}

Based on the panel\'s discussions, the recommendations while dealing with the diagnosis and management of HPV-related HNSCC in clinical practice is summarized in [Box 1](#T2){ref-type="table"}. Until more data are available, these should be used as the guiding principles.

###### 

Panel recommendations for human papillomavirus diagnosis and management in head and neck squamous cell cancers
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Clinical features that should raise a suspicion of HPV-related HNSCCPrognostic significance of HPV positivity at other primary sites is not knownCombining a positive p16 test with an HPV DNA test for increasing the specificity is desirable but optionalPreferably CINtec^®^ Histology KitPhysicians must familiarize themselves with the process of counseling, keeping in mind the psychological and social and legal impact of performing an HPV detection testNeed of HPV vaccination for HNSCC prevention, particularly in boys, is not clear.

### Future directions {#sec3-12}

To establish a definitive role of HPV in the prognosis and treatment of HNSCC in India, a robust effort is required by the practicing oncologists and researchers in the country. The panel recommends the following areas which require the focus and attention of the institutions dealing with these cancers.

Collaboration to estimate the true prevalence of HPV-related oropharynx in the country as a whole. An effort in its direction is currently being made by the head and neck cooperative oncology group of the Foundation for Head and Neck OncologyStandardization of testing and reporting of p16 IHC for HPV detectionResearch to establish definite risk factors for HPV-related HNSCC including documentation of information regarding sexual practices of the patientsAccurate documentation of use of alcohol/tobacco, their form, frequency, and duration in routine practiceExploring the role of de-escalating treatment severity in HPV-positive HNSCC to reduce treatment-associated toxicity in well-conducted clinical trialsAlthough HPV vaccination has shown reduced rates of HPV infection whether this translates into reduction in the incidence of HPV-related HNSCC is not yet known. A futuristic cost effective strategy for the use of HPV vaccine in males would depend on the availability of such data.
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